Monodisperse ZnO solid spheres nanostructures were synthesized and deposited on Si (100) silicon substrates by the hexamethylenetetramine (HMTA)-assisted hydrothermal method at high temperature (200˚C). In this case the HMTA is used as structure directing agent (SDA) to growth of the ZnO solid spheres. The source material used was zinc nitrate hexahydrate under a chemical reaction of hydrolysis-condensation of the Zn 2+ salt aqueous solution. The structure and morphology of the ZnO solid spheres were studied by means of X-ray diffraction (XRD) and scanning electron microscopy (SEM) techniques. Furthermore, the photoluminescence (PL) of the ZnO solid spheres was measured to optical characterization of the product. The remarkable influence of the HMTA as structure directing agent and the reaction temperature to the formation of the solid spheres nanostructures is demonstrated.
Introduction
Zinc oxide is one of the most studied oxide semiconductors and recently attracting more attention due to the possibility of producing complex nanostructures by suppressing the nature polar of the ZnO nanocrystals. Using structure directing agents (SDAs) [1] - [9] , the ZnO wurtzite nanocrystals have an non-center symmetric symmetry and along the (001) direction have alternatively piled O 2 -surface negatively charged and Zn 2+ surface charged positively forming polar structures along c-axes. This polar structure plays a very important role in de-termining the size and morphology of the nanostructured materials: this polar property of the ZnO nanocrystals causes invariably growth preferential along the c-exes promoting the formation of 1-D nanostructures. The use of SDA in the synthesis process of ZnO nanocrystals promotes the growth of 3-D nanostructures. In general the nanostructures might be applied for blue semiconductor lasers due to its wide band gap (3.37 eV) and high exciton binding energy (60 meV) [10] , transparent semiconductor [11] , piezoelectric [12] , short-wavelength lightemitting devices [13] , blue emitting LEDs [14] , chemical sensor [15] , solar cells [16] , etc. Several methods for the production of this kind of nanomaterials have been described, such as, electrodepositing [17] , evaporation [18] , vapor-liquid-solid (VLS) growth [19] , metal organic catalyst assisted vapor-phase epitaxy [20] , aqueous thermal decomposition [21] , microwave activated chemical bath deposition (MW-CBD) [22] , chemical bath deposition (CBD) [23] , and surfactant-assisted hydrothermal method [24] . This last method is more convenient than others because it is less expensive; it has an easier composition control; the coating can be deposited on large area. However, it is important to indicate that the employed surfactant in some cases can act as structure directing agent (SDA) [25] [26] , and in conjunction with the empirical theory on shape guiding and ultimate shape determination formulated by Lee and coworkers [27] , it is a powerful toll to obtain nanostructures ranging from 1-D to most complex 3-D nanostructures. Next, a brief exposition on Lee theory is as follows:
Since an empirical theory suggested by Lee and coworkers [27] on shape guiding process would be of particular interest to obtain both 1-D (nanotubes, nanorods, etc.) nanostructures and other more complex shapes as triangles and diamonds. However, it also will be possible to start examining the important parameters for selective growth and ultimate shape determination including isotropic forms as cubes and spheres and anisotropic forms as tubes, rods and wires. Lee and coworkers [27] pioneers in the development of this empirical theory established that were five critical factors that could affect the selective growth and ultimate shape determination of nanostructures: 1) the crystalline phase of the seeds at the nucleation stage is determinant for directing the intrinsic phase of the nanocrystals due to its characteristic unit cell structure; potentially the seeds can have a variety of different crystallographic phases but the stable phase is highly dependent on its environment especially the temperature; 2) the growth time is alternatively a factor that plays an important role in shape control of nanostructures; 3) the delicate balance between the kinetics and thermodynamic growth regimes, in the kinetic regime fast growth on the crystallographic faces with high surface energy promotes 1-D formation. However when sufficient thermal energy is supplied either by utilizing higher growth temperatures (~200˚C) for extended periods of time (i.e. 2 h at 200˚C) the most thermodynamically stable (spherical shapes) are favored through the intraparticle 1-D to 2-D Oswald Ripening process [28] ; 4) organic capping molecules can act as structure directing agents (SDA) to determine the form of the nanostructures: the surface properties of the nanostructures can be also tailored by the types and the amounts of adsorbing organic capping molecules present in the SDAs or catalyst [1] ; this SDAs can affect the intrinsic surface energy of the crystallographic face of the seeds since the kinetic energy barrier is inversely proportional to the surface energy; 5) the molecular precursor which can decompose under mild conditions is critical for kinetics growth process [2] .
In this work taking account the critical factors of temperature and SDAs for shape end determination of nanostructures process disperse ZnO solid spheres were synthesized and deposited on Si (100) substrates at high temperature (200˚C) by an hexamethylenetetramine (HMTA)-assisted hydrothermal method. The HMTA was used as structure directing agent (SDA) in a chemical reaction hydrolysis-condensation with zinc nitrate hexahydrated (Zn(NO 3 ) 2 •6H 2 O). However, the growth mechanism of the ZnO solid spheres is explained analyzing the effect that the SDA and temperature have on the polarity of the ZnO crystals.
Experimental

Materials
All chemicals (Sigma-Aldrich) used in this study were of analytical reagent grade and used without further purification. Silicon wafers (Virginia semiconductor, Inc.) having <100> orientation were used as substrates.
Preparations of Spheres Nanostructures
Zinc nitrate hexahydrated (Zn(NO 3 ) 2 •6H 2 O) was taken as the source material of zinc and hexamethylenetetramine (HMTA), also called methenamine ((CH 3 ) 6 N 4 ), as structure directing agent. The chemical reactions to obtain ZnO using (HMTA) have been published in [29] . Briefly: the precursor was prepared by dissolving 3.0 gr of Zinc nitrate [Zn(NO 3 ) 2 ] and 2.8 gr of HMTA. Deionized water under vigorous stirring at 50˚C for 1 h to form a 0.01 M equimolar solution. Then, the silicon substrates were immersed in this solution at 200˚C for 1 h. Finally, the substrates were washed with deionized water and allowed to dry in air at room temperature.
Characterization
Morphology and crystal structure of the samples were studied using a JEOL FEG 2010 Fast Tem electron microscope with 1.9 Å resolution (point to point) equipped with a HAADF detector. The X-ray diffraction (XRD) pattern of ZnO nanospheres was obtained with a X-ray diffractometer (SIEMENS D 5000) using the CuK α (1.5406 Å) radiation, with a scanning speed of 1˚ 2θ X min and 35 KV and 30 mA. file No. 36-1451). It is important to observe that the XRD patterns of the solid spheres showed in Figure 1 . that the [002] direction is substantially suppressed and other growth directions such as [100], [101], [110] , and [103] are significantly enhanced, leading to the isotropic growth of the ZnO solid nanospheres, also the XRD patterns do not show any preferential growth in all your (hkl) planes indicating that the crystalline form of the ZnO product is highly symmetric e. d. spheres. Moreover, based on the high intensity of the peaks and low half width and using Debye Scherrer formula to measure size crystal resulting to be of 80 nm concluding that the spheres ZnO nanostructures crystalize very well. Figure 1(b) shows the XRD pattern of ZnO particles obtained without SDA HMTA. Figure 2 shows the SEM image of the ZnO solid spheres grown on silicon substrates they have an approximate diameter of 0.5 μm. The ZnO spheres growth of monodisperse form. It is clearly seen that the size of the solid spheres is uniform e. d. they have similar size. To check the effect of the SDA hexamethylenetetramine on the growth of the solid spheres another hydrothermal reaction without SDA was realized under the same condition that with SDA; Figure 3 is a SEM image of the obtained product: only ZnO particles but no spheres were obtained. 
Results and Discussion
Structural Properties
Morphology
Growth Mechanism
A possible explication for the role that play the hydrothermal reaction temperature of 200˚C and the SDA HMTA on the growth of the symmetric solid spheres nanostructures is as follow: With respect to the growth temperature this is an clave factor to determine the final phase of the nanocrystals in general: if the growth temperature is high (<200˚C) the most stable phase is formed (spheres, cubes, triangles, etc.), if the growth temperature is low (>200˚C) nanostructures 1-D are formed [27] , in our case the growth temperature was of 200˚C therefore an sphere isotropic symmetric nanostructure was formed.
As was mentioned in the introduction the ZnO nanocrystals are intrinsically of polar nature; together with the polar surfaces the ZnO has tree fast growth directions of [0001], [0110] and [3110] that increase the anisotropic growth of 1-D nanostructures including c-exes oriented nanorods, nanowires and a-exes oriented nanobelts. At the nanometric scale for the ZnO the surface to volume ratio increases notably with the size reduction and the effect of the surface specially the surface polarity play a determinant role in the final formation and chemical and physical properties of the ZnO nanostructures, in this point it is important remember that the ZnO polar surfaces are responsible for the preferential growth along c-axes of the ZnO nanostructures and the growth of isotropic and symmetric spherical nanostructures only is possible if the SDA HMTA effectively passivated the ZnO polar surfaces leading to balanced vertical and lateral growth rate. The SDA also allowed for the control of both size and size distribution of ZnO spheres nanostructures. Figure 4 shows the room temperature photoluminescence (PL) measurement of the ZnO solid spheres nanostructures, the emission spectrum was obtained using the laser line with a wavelength of 358 nm from an He:Cd laser as the excitation source, the emission spectrum presents the two typical emission bands centered the first about 380 nm and the second with a maximum centered between 500 and 530 nm; the first band is a exciton emission band in the UV region and is caused by the radiative annihilation of excitons, the second is an intense band in the green region of the visible spectrum produced by the radiative recombination of an electron from a level in the conduction band and an deeply trapped hole in the bulk (V o ) of an ZnO particle [30] [31] . However, Figure 4 shows that the intensity of the band visible is less than the intensity of exciton band, this is caused by an effect of particle size as proposed by Van Dijken, which establish that as the size of the ZnO particles increases the intensity of visible emission decreases and the intensity of exciton emission increase [32] . In this case, from Figure 2 the ZnO nanospheres size is about 0.5 µ in diameter is bigger than Dijken particles resulting thus in a decreasing of the intensity of green visible respect to that of exciton emission. 
Photoluminescence Results
Conclusion
In this work ZnO solid spheres nanostructures were synthesized by structure directing agent-assisted hydrothermal method on silicon substrates, and the SDA used was HMTA. The SEM results demonstrated that the solid spheres nanostructures of average size of 0.5 µ were obtained. X-ray studies showed that the solid spheres were single crystals having the ZnO hexagonal phase. The role played by the SDA NMTA is essential to obtain the solid spheres; your direct action is suppressing the influence of the polar surfaces since this influence causes preferential growth along c-axes of the ZnO nanostructures.
